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INTRODUCTION  AND  HISTORICAL  REVIEW. 
In 1869 Meyer  (I) first  observed differences  between the right 
and left vagus nerves of the tortoise as  regards  their  action  on  the 
heart.  Since  that  time  many  investigations  concerning  the  func- 
ti.on  of  the  vagus  nerves  have  been  made,  but  the  differences  be- 
tween  the action of  the two  nerves  have  not been, emphasized  and 
have not been reported in detail. 
Garrey  (2),  Robinson  and  Draper  (3),  and  the  present  writer 
(4)  only  have  considered  that  in  addition  to  quantitative  differ- 
ences ob'tained on stimulation,  essential  or qualitative  differences in 
the  function  of  the  two  nerves  may  exist,  and  have  studied  the 
subject  of vagus  function  from  this  point  of view. 
In  the  present  commun,  ication  the  extensive  litera,ture  dealing 
with  the  question  of  vagus  func'tion  is  reviewed  in  order  to  in.di- 
care  what  observations  relating  to  differences  in  the  action  of  the 
two vagi have already been noted.  Observations  from which some 
comparison  between the  acti.on  of  the  right  and  left  vagus  nerves 
may be drawn have been made on a  large  number  of animals.  In 
fishes and  amphibia  the  only differences that  have been noted have 
been differences in  degree;  stimulation  of  one  nerve  has  been  said 
to be more  effective than  stimulation  of the  other.  Gaskell  noted 
that  in  frogs  stimulation  of the  left vagus  caused blocking,  but he 
did  not  stimulate  the  right  nerve ,and  does not describe  any differ- 
ence  between  the  two  nerves  as  regards  the  production  of  this 
phenomenon. 
In reptiles  (snake,  tortoise,  and crocodile) a greater  effect oi1 the 
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heart rate has been  found to  follow stimulation of the  right nerve 
than stimulation of the left.  GaskeU suggested a  qualitative differ- 
ence  between  the  two  nerves  and  stated  that  the  "nerve  fibers 
supplying those muscular fibers  of the sinus,  which by their auto- 
matic contraction.s originate the rhythmical beats of the heart,  run 
almost exclusively in the right vagus."  Unfortuvately he did  not 
assign any definite functions to the left vagus, and'tr~,__:~ no definite 
conclusions  concerning  differences  in  function  between  the  two 
nerves.  Garrey, who described differences between the two nerves, 
ascribed  to  each  a  homolateral  distribution  and  function,  lie 
failed  to  note,  however,  whether  stimulation of  one  or  the  other 
vagus produced any effect on the atrioventricular bundle, similar to 
the  effect produced by  the  stimulation of  the  left vagus  nerve  in 
dogs as described in the l~resen't communication.  In birds  no con- 
stant  differences between the action of the  two vagus nerves  have 
been  described.  Only in mammals have there been  observed phe- 
nomena resulting from stimulation of one or the other of the vagus 
nerves, which may be interpreted as definitely indicating functional 
differences between them.  McWilliam  (5),  Franqois-Franck  (6), 
Roy  and  Adami  (7),  Bayliss  and  Starling  (8),  Rehfisch  (9), 
Hering  (Io),  and  Rothberger  and  Winterberg  (II,  I2)  have  all 
published  curves  or  have  described  phenomena  occurring  in  their 
experiments which indicate such differences and which may readily 
be  correlated  with  the  observations  made  by,u.s.  In  some  in- 
stances  the unusual effects noted by these  writers  followed stimu- 
lation of the left vagus nerves;  in other  instances the  nerve  stim- 
ulated  is  not  mentioned.  None  of  these  writers,  however,  have 
made a careful study of the exact nature of the differences in func- 
tion  of  the  two  nerves. 
The following is a more detailed review of the literature concern- 
ing these various observations.' 
In  studying the  action of  the  vagus in  eels McWilliam (I3)  found  that 
"stimulation of either the right or the left vagus is effective. And when pro- 
longed excitation of one nerve fails to keep up the cardiac inhibition any longer, 
stimulation of  the other vagus usually causes a  further  arrest  of  the  heart's 
1A  complete bibliography and review have not been attempted.  Omissions 
have been made, but it is believed that the present state of knowledge has been 
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action.  ''2  He considered that "the  ventricle is not directly influenced by stimula- 
tion of the vagus nerve," since it may be arrested but still remain quite irritable.  4 
The vagus nerves in frogs have been studied by Gaskell  (I4) , Hofmann  (I5) , 
and Guyfinot  (I6).  In Gaskell's experiments the left vagus nerve was invariably 
stimulated.  He  found that following vagus  stimulation the ventricles "beat  for 
a  time  synchronously  with  every  second  auricular  beat.  ''n  In  other  words,  he 
obtained  an  incomplete  auriculoventricular  dissociation.  Hofmann  (I5)  found 
that  "the  difference  between  the  right  and  left  vagi  in  the  same  animal  con- 
sists in the  fact that stimulation of the right vagus  often results in the arrest of 
the  heart,  while  stimulation  of  the  left  vagus,  in  only  a  weakening  of  the 
contraction.  ''6  These  conclusions  differ  from  t~hose  of  Gaskell  in  that the  latter 
considered  that  the  left  vagus  has  mainly  a  dromotropic  function,  while 
Hofmann  considered  the  inotropic  function  of  the  nerve  to  be  most  important. 
Guy6not  (I6),  while working on Rana  temporaria,  Rana  esculenta,  and on Bufo 
vulgaris,  describes  the  action  of  the  two  nerves  as  follows:  He  says  that  (a) 
"in  a  certain  number of  cases  the  right vagus  stopped  the  heart,  while  the  left 
increased  diastolic dilatation and  diminished the  force  of  the  contractions  with- 
out  changing  the  number  of  pulsations.  At  other  times  the  left  was  inactive, 
while the  right did  not alter the  rate  but increased  diastolic  dilatation,  and left 
the  systoles  unchanged.  The  amplitude  of  the  beats  was  increased."  (b) 
"Sometimes  stimulation  of  one  or  the  other  vagus  nerve  modified  neither  the 
number nor the  force  of  the  heart beats."  (c)  Stimulation  of  the  vagus  nerve 
often  had  only  an  accelerator  or  hypertonic  action.  McWilliam  (I7)  studied 
the vagi in newts and  found them somewhat different  from those in  frogs.  For 
he says, " Either vagus can arrest the whole  heart, but the right vagus acts much 
more readily and powerfully  upon the ventricle than the  left vagus  does."  The 
effect of the left vagus on the ventricle was not merely due  to  blocking,  for  the 
ventricular muscle  itself  had  lost  its  irritability. 
In  a  tortoise  (Emys  lutaria),  Meyer  (I)  was  able  to produce  no  changes  in 
the  pulsations  of  the  heart  by  stimulating  the  left  vagus,  although  he  could 
arrest the  contraction~ of  the  heart with a  current  of  the same  strength applied 
to  the  right vagus.  In  two  small  specimens  from  Venice  he  also  found  differ- 
ences between the two nerves;  for stimulation of  the left nerve" in them  slowed 
but  did not stop  the  heart.  Later  observations  on  the turtle's  heart  were  made 
by  Gaskell  (I8,  I9),  Mills  (20,  2I),  Kazem-Beck  (22),  Garrey  (2),  Kronecker 
(23) ,  and  Guy6not  (24).  The  findings  of  Gaskell  agreed  with  those  of  Meyer, 
for left vagus stimulation produced a  marked alteration in force of the auricular 
contractions,  the  effect  sometimes being greater  than  that  following  stimulation 
of the right vagus.  In his complete paper  Gaskell  ~ (I9)  says of  his experiments 
on Testudo  graeca  that stimulation of  the right vagus always  brought the  heart 
to  a  standstill,  while  stimulation  of  the  left  nerve  with  a  current  of  the  same 
strength was less effectual.  Even a  strong stimulus applied to the left vagus did 
~McWilliam  (I3) ,  loc.  cir., p.  2I 7. 
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not  affect  the  rate.  Mills  (2o,  21)  showed  that  stimulation  of  the  right  vagus 
nerve  readily  stopped  the  heart  in  Emys  lutaria,  while  stimulation  of  the  left 
nerve had  no  influence whatever;8  in  Testudo  graeca  stimulation  of  each vagus 
produced  identical  effects?  It  will  be  seen  that  his  results  differ  slightly  from 
Meyer's  and  entirely  frc~m  those  of  Gaskell.  In  a  later  paper  Mills  (21) 
reported  1°  that  effects  of  stimulation  of  the  two  vagi  in  the  Slider  terrapin 
(Pseudemys rugosa)  were  exactly alike in five cases,  the  right vagus was  much 
more  effective over the  rhythm in two  and  slightly more  effective in  four cases, 
while  the  left  nerve  was  without  effect  on  the  rhythm  in  two  cases.  He  con- 
cluded that the right vagus controls the rate better than the left,  though in some 
cases  the  reverse is true.  The  left nerve sometimes had no effect  on the heart, 
or an effect only on its force.  He added, an observation  u  which was corroborated 
later  by  Garrey  in  a  slightly  modified  form;  i.  e.,  that  the  vagi  have  a  homo- 
lateral  but  never a  crossed  distribution.  Kazem-Beck  (22)  in  1888  was  able  to 
arrest the  heart  of  Emys  caspica  in  seventy-five animals  out  of  seventy-sevenY 
In  the  remaining two  he  caused  a  negative inotropic but no chronotropic  effect. 
On  stimulating the  left vagus  he caused  a  stoppage  of  the  heart  in  forty-seven 
animals,  a  negative  inotropic  effect  in  ten,  and  no  effect  in  twenty.  Kronecker 
(23) ,  working  on  Testudo  graeca,  found  that "very often  only the  right nerve 
was  active  and  stimulation  of  the  left  was  without  effect,  just  as  has  been 
described  by  Meyer.  In  many  other  animals  the  activity  of  both  nerves  was 
equal. 'm  Of  another  tortoise,  Cistudo  europcea,  Guy6not  (25)  says  in  his 
conclusions:  14  (I)  Only  the  right pneumogastric  acted  on  the  rate  of  the  heart. 
It  diminished  the  tone  of  muscle  in  diastole,  but  the  force  of  the  systoles  was 
not  modified.  (2)  The  left  vagus  did  not  act  on  the  rate.  It  decreased  the 
tone  in  diastole  and  perhaps  also  in  systole,  the  force  of  the  latter  being  also 
diminished.  (3)  Exceptions  to  these  observations  were  found.  Garrey  (2)  has 
recently  shown  that  "the  right  vagus  exerts  a  chronotropic  effect,  as  well  as 
other  effects,  upon  the  right  veins  and  produces  quiescence  of  the  auricles  and 
ventricles mainly  through  its  chronotropic  effect,  rarely,  with  weak  stimuli,  the 
effect is brought about by production of a  sino-auricular block,  although in these 
cases  the  inotropic  and  other  effects  are  also  apparent  ....  But  the  left  vagus 
decreases  the  excitability,  conductivity,  and  contractility  of  the  auricles  to  a 
point  at which they  fail to  respond to  the  stimuhas  of  the pace-maker,  thus  no 
impulses  can pass  through  to  the  ventricle.  ''1~ 
Mills  (26)  studied  the  effects  of  stimulation  of  the  two  vagus  nerves  in 
several varieties of  sea turtle  and  reported  that "a  comparison  of  these  results 
with  those  reported  for  the  terrapin  will  show  a  great  resemblance.  In  by  far 
the larger number of  cases the right vagus has greater inhibitory power than the 
8 Mills  (2o),  loc.  cit.,  p.  36o. 
Mills  (2o),  loc.  cit.,  p.  361. 
10 Mills  (2I), loc.  eit.,  p.  247. 
11 Mills  (2i),  loc.  cit.,  p.  249. 
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left,  exceptions  to  this,  though  few,  sometimes  occurring.  In  the  marine  turtle 
no  case  in  which  the  left  vagus  was  wholly  without  effect  on  the  rhythm  was 
foun&  ''16  He added, "I  would then explain the greater effect of  the right vagus, 
as  a  rule,  by  the  character  of  the  con,traction  wave,  associated  with  the  right 
part  of  the  sinus  and  its  associated  veins,  and  by  the  fact  that  tl~e  nervous 
supply  to  this  seems  to  be  chiefly  from  the  right  vagus,  rather  than  to  any 
deficiency  in  the  kind  and  number  of  the  inhibitory  fibers  in  the  left  vagus; 
both  may  supply  an  equal  number  of  such  fibers,  but  if  the  supply  be  even 
partially  unilateral,  then  the  results  follow  as  I  have  endeavored  to  explain.  ''IY 
In regard  to  snakes  (Genus  tropidonotus),  Mills  (27)  came  to  the  following 
conclusions.:  "(I)  In no case  was  either vagus  without  effect  on  the  rhythm of 
the heart.  In  e~'ery case  actual  showing,  and,  with  a  sufficiently  strong current, 
arrest  followed  stimulation.  (2). In  the  majority  of  instances  the  right  vagus 
was  more  efficient than the  left.  (3)  In  a  very  few  cases  both  nerves  seemed 
to  be  almost,  if  not  quite,  equally  influential  over  the  heart's  rate."  And  he 
adds  that  the  vagi  of  the  snake  resemble  those  of  other  cold  blooded  animals 
he had  examined. 
In crocodiles  Gaskell  (28)  found that  " both right and  left  nerves  caused  an 
absolute and a  long continued standstill even with a  weak  stimulus.  ''is 
Great variations in the results are found in the  reports  of  stimulation of  the 
vagi  in  birds.  Jiirgens  (29)  in  his experiment  on  pigeons  paid  no  attention to 
the  differences  between  the  effects  of  stimulation  of  the  two  nerves,  but  noted 
on  his  curves the nerve that had been  faradized  in  each  instance,  and  it  is  evi- 
dent  that  stimulation  of  the  right  vagus  with  currents  of  moderate  strength 
affected  the  auricles  and  occasionally  the ventricles,  but  the  latter,  if  arrested, 
sometimes escaped.  Stimulation of the right vagus with weak currents produced 
only  negative  inotropic  effects  on  the  ventricle.  Where  the  left  vagus  was 
stimulated,  inotropic  and  negative  chronotropic  effects  on  both  auricles  and 
ventricles  were  obtained.  It  appears,  therefore,  that  the  ventricles  sometimes 
were  affected  by stimulation  of  the  right vagus  and  also,  possibly more  power- 
fully,  by  stimulation  of  the  left  vagus.  Stiibel's  (3o)  tables  showing  the 
effects  of  stimulation  of  the  vagus  nerves  in  a  variety  of  birds  throw  no  light 
on  the  subject.  For  the  purpose  of  the  present  investigation,  the  observations 
are  not useful,  for  in many instances the  two  nerves  were  not  compared  in  the 
same  animal. 
The  action  of  the  two  vagus  nerves  has  been  studied,  in  a  variety  of 
mammals.  In  the  horse  Arloing  and  Tripier  (3I)  found  TM  that  stimulation  of 
the left nerve caused  a  stoppage  equal  to  the  duration  of  three  pulsations;  the 
pulse then continued to beat with a  little more  force than had existed before the 
stimulation;  during  the  passage  of  the  current  fifteen  pulsations  were  counted. 
Stimulation  of  the  right nerve  resulted  in  stoppage  equal  to  six  normal  pulsa- 
tions,  and  when  contractions  reappeared  they  seemed  to  have  great  force,  but 
only  seven  were  counted  as  against  fifteen  during  left  vagus  stimulation.  In 
18 Mills  (26),  loc.  cit.,  p.  H. 
1~ Mills  (25),  loc.  tit.,  p.  I2. 
~s Gaskell  (28),  loc.  cit.,  p.  22. 
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short,  stoppage  was twice as  long when the right  nerve was  stimulated  as  when 
the  left was  stimulated.  The  difference  between  the  action  of  the  nerves  was 
not  absolutely  constant.  Sometimes  the  usual  action  was  reversed,  and  an 
example  of  this  is  described.  Only  a  quantitative  difference  between  the  two 
nerves  was  found.  Dissections  were  carried  out with the view of  studying  the 
distribution  of  the  two  nerves  to  the  heart.  They  found  that  the  right  vagus 
supplied a  greater  number  of fibers,  and  on  account  of  this  preponderance  they 
explained  the  greater  influence  that  the  stimulation  of  the  right  vagus  has  on 
the heart. 
In cats McWilliam  (5)  found that  on stimulation  of the inhibitory  structures 
"the  ventricles  sometimes  give  only  one  beat  in  response  to  every  second  or 
third  auricular  beat. 'm  He  showed  further  that  in~  some  cases  there  was  ven- 
tricular  standstill  while the  auricles  went  on  beating.  "The  excitability  of  the  • 
ventricles,  as  tested  by  single  induction  shocks  applied to  their  surface, .seemed 
unimpaired.  Moreover, mere weakness of the auricular beats would not account 
for  the  non-response  of  the  ventricles;  for  very  much  weaker  auricular  beats 
than  those observed in the above mentioned  cases are quite sufficienl, in the un- 
inhibited  heart,  to  determine  the  occurrence  of  responsive  ventricular  contrac- 
tions.  The failure of ventricular sequence was in all probability due to an inter- 
ference  with  a  mechanism  of  propagation  quite  different  from  the  pressure 
changes  caused  by the  auricular  beats."  Although  he  observed phenomena  like 
those  described  in  the  present  study  as  arising  from  stimulation  of  the  left 
vagus,  he  did  not  conclude  that  differences  existed  between  the  two  vagi,  but 
regarded them as  equally potent. 
In  dogs  observations  have  been  made  by  numerous  observers,  Knoll  (32), 
Arloing  and  Triplet  (3I),  Pawlow  (33),  Roy  and  Adami  (7),  Bayliss  and 
Starling  (8), Einthover~  (34, 35),  Hering  (IO), Dogiel (36), and Rothberger  and 
Winterberg  (Ii,  12). 
Knoll  (32)  states  that  in  three  of  his  animals  (one  of  which  was  not 
curarlzed)  "there  was  no  increase  in the  rate  of  the heart  or  in  the  height  of 
the  blood  pressure  after  the  vagi  were  cut."  In  a  footnote  he  adds,  "In  one 
case  both  appeared  clearly  after  cutting  one  vagus,  while  cutting  the  second 
contributed  no  added  effect.  As  Prof.  Hering  tells  me,  this  happens  often  in 
rabbits  and dogs, and also stimulation  of one vagus at a  given strength  yields an 
effect on the heart unequal  to that  of the other,  even if all the conditions neces- 
sary  have  been  observed.  All  this  shows  that  in  mammals,  too,  the  inhibitory 
fibers  of  the  heart  are divided unequally  between  the  two  vagi." 
Arloing  and  Tripier  (31,  37)  cut  the  medulla  in  a  dog  and  found  ~  that 
stimulation of the left vagus nerve didk not stop  the heart,  while under the same 
conditions,  stimulation  of  the  right  vagus  led  to  complete  arrest  followed  by 
slowing.  The  right nerve was  more  sensitive to the  action  of  the  current  than 
the  left.  In  two  other  experiments  the  peripheral  e~d  of  the  left  nerve,  the 
right  nerve  apparently  being  intact,  was  stimulated  and  the  heart  stopped  for 
fifteen  seconds,  but  contraction  began  again  and  thlrty-eight  of  them  were 
counted  during the remaining portion of the period  of  stimulation.  Legros  and 
Onimus  (38)  attempted  to  show  that  the  results  of  stimulating  the  right  and 
McWilliam  (~), loc.  cit., p.  189. 
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left pneumogastrics were too inconstant to permit the conclusion of  Arloing and 
Tripier  that  differen.ces  exist  between  the  two  nerves.  They  based  their  con- 
clusions  on  observations  made  on  rats,  guinea  pigs,  dogs,  rabbits,  frogs,  and 
tortoises. 
Pawlow  (33)  dealt  chiefly  with  the  results  of  stimulating  the  large  inner 
branch and  other  chest  branches  of  the  right  vagus  nerve. 
Roy and Adami  (7), in their summary of the action of the vagus nerves in the 
dog, stated  '~ that: "  (I)  With relatively weak excitation,  ~  there is slowing of  the 
rhythm  but  no  irregularity.  (2)  With  strorLger  stimulation  the  independent 
ventricular  rhythm  shows  itself,  and  this,  by  interference  with  the  ordinary  or 
auricular  rhythm,  usually  leads  to  irregularity  of  the  ventricles,  and,  in  any 
case,  a  want  of  complete  co6rdination between  auricles  and  ventricles;  in  other 
words,  there  is  a  physiological  irregularity  of  the  heart.  (3)  With  stronger 
vagus  excitations the  auricles  have  either  ceased  to  beat  or  the  impulses  which 
pass  from  them  to  the  ventricles  are  too  weak  to  excite  the  latter  to  contrac- 
tion,  and  the  ventricles  are  left  entirely  to  contract  by  their  independent 
intrinsic  mechanism,  and  are  completely  freed  from  the  control  of  the  vagus, 
save that this nerve has still some control over their excitability."  These writers 
did  not  distinguish between  the  effects  produced  by  stimulating  the  two  nerves. 
Bayliss and  Starling  (8)  obtained results similar to  those of  Roy and Adami, 
and  apparently  they  also  regarded  both  vagus  nerves  as  having identical  func- 
tions.  In  their experiments  the  right nerve  apparently  remained  intact and  the 
left one was  cut.  They  stimulated with strong currents,  and  "thought  ~  that the 
auricles  had  entirely  ceased  beating  and  that  the  ventricles  were  beating  with 
their own proper rhythm."  They consider it "possible that an excitatory process 
may occur  in the auricle and  may be transmitted thence to  the  ventricle without 
causing  any  appreciable  (i.  e.,  registrable)  contraction  of  the  auricle  itself." 
Further  on  in  their  paper  they  made  the  observation  ~5  that  stimulation  of  the 
vagus can cause  incomplete heart-block when the ventricles " only respond  every 
now and then to an auricular beat." 
Einthoven  (34, 35)  studied with the string galvanometer the results of  stimu- 
lating the  vagus  nerves.  In  his  first  paper  (34)  he  has  reproduced  a  curve  of 
right  vagus  stimulation  (figure  33)  and  another  curve  (figure  34)  which 
resembles  those  we  have  obtained  following  stimulation  of  the  left  nerve,  but 
he  does  not  mention  which  nerve was  stimulated.  His  later  paper  (35)  added 
no  further data  on the  differences between the two nerves. 
Hering  (Io)  has published curves  (figures 5,  6, 7,  and 8)  showing ventricular 
silences  following  vagus  stimulation;  that  is,  there  was  incomplete  heart-block, 
usually at the ratio of 2 : I.  One of his curves (figure 5) indicates the occurrence 
of a  high degree of block,  but this occurred only when the left vagus nerve was 
stimulated. 
Dogiel  (36)  states  that  ~"  "many  physiologists  have  called  attention  to  the 
fact  that  stimulation  of  the  right vagus  has  not  the  same  effect  on  the  heart 
=Roy  and  Adami  (7),  loc.  cir.,  p. 237. 
= Of  the vagus nerve in  the dog. 
=* Bayliss and  Starling  (8), loc.  cit., p.  4Io. 
Bayliss  and  Starling  (8),  loc.  cit.,  p.  412. 
Dogiel  (36),  loc.  cit., p.  132. Alfred  E.  Cohn.  739 
action  as  stimulation  of the left,  a  result  due  in part  to  the  strength  and  dura- 
tion of  the  stimulus." 
Rothberger  and  Winterberg  (II),  in  one  experiment  which  they  have  de- 
scribed  in  detail,  observed  ~  that  " the  effect of  a  simple  stimulation  of  the  two 
vagi  differed  in  so  far  that  stimulation  of  the  right  caused  complete  stoppage, 
while  stimulation  of  the  left  vagus  caused  only  slowing  of  the  auricular  con- 
tractions  with  complete  cessation  of  the ventricular  (figure  7  b)."  Their  com- 
ment  on  the  result  obtained  in  this  experiment  is  ~  that  "exceptionally  the 
inhibitory  nerves  for  the  sinus  node  pass  exclusively  in  the  right,  for  the 
atrioventricular  groove, on the other  hand,  in the left vagus."  And  finally they 
state,  ~  "Inhibitory fibers for the left auricle and  the atrioventricular  groove are 
usually  so  divided that  inhibitory  effects  can  be  obtained  by  stimulating  either 
vagus.  Only in a  few cases do only negative chronotropic fibers  for the primary 
pace-maker  pass  in  the  right  vagus." 
Fran~ois-Franck  (6)  states  ~  that  he has  seen that  "stimulation  of the vagus 
nerve can  suppress  ventricular  while auricular  contractions  continue.  To  bring 
about this result induced currents  were used, weak enough not to cause complete 
arrest  of  the  whole  heart.  These  stimuli,  for  example,  slowed  the  ventricular 
beats  by  five, while they  caused  the  auricles  to  lose  only  two  systoles  in  five. 
Three  auricular  beats  occurred  then  during  a  long  ventricular  pause."  The 
result  is  like  that  due  to  stimulation  of  the  left  vagus,  which  is  described 
in  this  paper. 
Hunt  and  Harrlngton  (39)  were  able  to  produce  incomplete  heart-block  in 
the calf  by  stimulation  of the vagus  nerve,  but  they  fail to  mention  which  one 
was used. 
Before the publication  of the work of Mills and  Garrey, Masoin  (4o)  in  I87~ 
seems to have been the only experimenter who had  insisted that  this  question of 
difference between the vagi involved that  of the essential asymmetry of the body 
as  far  as  the  vagus  nerves  are  concerned.  In  his  experiments  on  rabbits  he 
found that  stimulation  of the right nerve was more  effectual in slowing the rate 
of  the  heart  than  stimulation  of  the  left.  He  states,  however,  that  the  two 
nerves have no special sphere of action and so denied the existence of qualitative 
differences  between  them. 
The vagus nerves in rabbits  have been  studied, by Langendorff  (4I),  Johans- 
son and  Tigerstedt  (42),  and by Rehfisch  (9).  Langendorff  (4I)  experimented 
on  sixteen  rabbits.  In  three  animals  stimulation  of  each  vagus  had  an  equal 
effect  on  the  heart;  in  three  animals  the  right  vagus  was  more  effectual;  in 
eight,  the  left;  and  in  two  sometimes  one  and  sometimes  the  other  was  more 
effectual.  The  difference  in  effect  of  the  two  nerves  was  determined  by  the 
degree of slowing produced.  Johansson  and Tigerstedt  (42)  working on  rabbits 
confirmed the  work  of  MeWilliam  (5)  on  cats.  They  stimulated  only  the  left 
vagus  nerve  and  did  not  register  the  auricular  contractions.  They  found  that 
weak  currents  only  slowed the ventricles  (and  the  auricles),  but  that  currents 
Rothberger  and.  Winterberg  (II),  loc.  cir.,  p.  356. 
~Rothberger  and  Winterberg  (II),  loc.  clt.,  p.  36I. 
~" Rothberger  and Winterberg  (II), loc.  cir.,  p.  372. 
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of increasing strength not only slowed  but decreased  the  strength of  ventricular 
contractions until they ceased  to  beat.  Rehfisch  (9)  found  .I  that  "a  fifth  effect 
of vagus  stimulation* is  a  single  or  succession of ventricular silences,  while  the 
auricles  continue  to  beat  (see  figure  5)."  Two  explanations  were  offered  for 
this  phenomenon.  The  first  explanation,  that  it  was  the  result  of  negative 
dromotropic effects on the A-V bundle,  was  rejected  because there was  no delay 
in the As-Vs interval, either in the cycles  which preceded or  in  the cycles  which 
followed the ventricular silence.  He  favored a  second explanation; namely, that 
there was either a  diminished strength in the conduction impulse or a  diminished 
irritability in the ventricular or the A-V systems. 
In guinea  pigs  Harrington  (43)  found  ~2 both  vagi  to  be always  efficient and 
in  no  case  was  he  able  to  discover  any  greater  efficiency  of  one  than  of  the 
other  nerve. 
The action of the two vagus nerves in the human subject has also been inves- 
tigated.  The method of investigation has consisted in exercising digital pressure 
along the course of the intact nerve in the neck.  This method  was described by 
Czermak  in  I865  and  its  value  has  been  demonstrated  repeatedly  since  then. 
This method  was employed by Robinson and  Draper  (3)  in a  comparison  of  the 
action of the two nerves in man, and they found that differences similar to  those 
about to be described in this paper could be elicited.  It must be stated  that the 
method  is uncertain, and uniform  results  cannot always  be expected. 
METHODS. 
In  this  investigation only  dogs  of  medium  size  were  used,  weighing  usually 
from  5  to  7  kilos;  a  few  weighed  from  Io  to  Ie  kilos.  The  dogs  were  first 
anesthetized with ether in the ordinary  way;  no  other  drugs  were  used.  When 
complete  anesthesia had been established,  a  catheter was  introduced  through the 
mouth,  larynx,  and  trachea,  after  the  manner  described  by  Meltzer  and  Auer, 
and  through this air and  ether,  in  regulated quantities,  were  administered.  The 
pressure  in  the  tube  just  before  it  entered  the  mouth  was  read  on  a  mercury 
manometer  which  was  connected  with  the  catheter  by  a  side  arm.  A  pressure 
of  about  20  ram.  of  mercury  was  maintained.  When  the  chest  was  opened,  if 
the  animal  was  well  anesthetized,  the  lungs  appeared  in  a  semicollapsed  condi- 
tion,  but. they evidently contained sufficient air,  for  even after operations lasting 
four  to  five  hours  the  animals  were  in  excellent  condition.  The  fact  that  the 
lungs were collapsed and practically motionless facilitated the use of a  suspension 
apparatus  to  register  the  motion  of  both  auricles  and  ventricles.  This  was 
accomplished  in  the  usual  way  by  means  of  hooks  from  the  right  auricle  and 
right or left ventricle, or by means of  Roy  and Adami  myocardiographs  leading 
to  two  receiving tambours,  which  were  connected  with  writing  tambours  by air 
transmission.  The  writing  tambours  were  four  in  number,  two  arranged  to 
write on a  Reickert kymograph and two hung before the shutter of a  photograph 
box.  One pair or the other could  be set in  motion by opening and  closing stop- 
cocks  in two  Y  tubes  (text-figure  I), placed,  one each,  in the transmitting tubes 
a~ Rehfisch  (9),  loc. cit., p. 17o. 
* Single  induction  shocks  were  used. 
~aHarrington  (43), loc. cit., p.  393. Alfred  E.  Cohn.  741 
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TExT-FIG. I.  The connection of the dog with the recording apparatus is shown. 
The  auricles,  ventricles,  two  vagus  nerves,  right  fore,  and  left  hind  leg  are 
indicated.  Registration  on  the  kymograph  is  effected  when  the  stop-cocks  G 
are closed  and the stop-cocks  K  are opened,  and when the double throw-switch I 
is thrown to the right.  Right and left vagi are stimulated according to whether 
double throw-switch  2  is  thrown to  right  or  left.  Registration is  effected  on 
sensitive paper behind the "shutter"  of the photograph box, when stop-cocks  K 
are  shut and stop-cocks  G  are  opened and.' when the  double throw-switch  I  is 
thrown to the left.  Keys I and 2 complete  the circuit by which stimulation of the 
nerves is effected.  A signal, Z, indicates the duration of the stimulus.  A and V 
represent the tambours registering the motions of the auricle and ventricle, one 
each  before  the  shutter  and before  the  kymograph.  A  time-marker recording 
one half seconds was employed  for the kymograph; two time-markers recording 
o.o2 of a  second interruptions made by a tuning fork and o.2 of a  second made 
by a Jacquet clock  were employed  for the photographic records.  The right fore 
and  the  left  hind  leg  are  shown  connected  with  the  string,  ST,  of  the 
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from auricles and ventricles.  On the kymograph,  besides the motions of auricles 
and ventricles, was written the time in one half seconds and the record of  faradic 
stimulation by a  signal in connection with  the primary coil  of  a  Harvard  induc- 
torium.  The  primary  coil  was  supplied  by  a  dry  cell,  known  always  to  have  a 
potential  of  two  volts  and  an  amperage  not  below  twelve.  In  a  number  of 
experiments  in  the  beginning the  suspension  methods  alone  were  used.  Later 
curves  were  made  with  a  string galvanometer  (Edelmann's  larger  model).  By 
means  of  the  device  already  mentioned,  the  tambours  hung  before  the  shutter 
of the photograph box could  be set in  motion,  and  the shadows  thrown  by  their 
writing  points  were  photographed  on  sensitive paper  together  with  the  oscilla- 
tions  of  the  galvanometer  string.  In  many  experiments  only  galvanometric 
records  were  obtained.  Three  kinds  of  electrodes  were  used  to  connect  the 
dogs  with  the galvanometer.  At  first  those  devised  by  Gotch  for  taking  direct 
leads  from  the  heart  were  employed.  Although  electrodes  of  this  form  may 
attain  much  flexibility  and  usually  follow  the  motions  of  the  heart  well,  they 
were  soon  discarded  for  two  reasons.  First,  the  rapid  motions  of  the  hearts 
of  dogs  make  it  very  difficult  for  the  worsted  threads  to  maintain  satisfactory 
contacts  with  the  surface  of  the  uninjured  heart,  and  owing  to  these  motions 
distortions  of  the  curves  frequently  occurred  and  sometimes  interfered  with 
their  interpretation.  In  the  second  place,  the  curves  thus  obtained  differed  so 
much,  both in  size and shape,  from those with  which  we  are  familiar  that their 
interpretation  was  difficult.  The  second  form  of  electrode  used  was  that  rec- 
ommended  by  Einthoven  for  dogs.  The  legs  were  wrapped  with  gauze  satu- 
rated  with  salt  solution,  the  end  of  the gauze  lying  in  a  vessel  of  salt  solution. 
In  this  solution  a  porous  vessel  containing  zinc  sulphate  solution  was  placed. 
From  a  zinc  plate  in  the  latter  solution,  copper  wires  led  to  the  galvanometer. 
The  third  form  of  electrode  used  was  the  simplest.  It  consisted  of  plates  of 
German silver wrapped on both sides with felt or cotton saturated with salt solu- 
tion.  These were placed around  the legs  of  the animal.  Binding posts  soldered 
into  the  German  silver  plate  formed  the  point  of  connection  between  the  elec- 
trodes and the galvanometer.  The second lead  (right fore leg and left hind leg) 
was  used  in  all  these  experiments.  Curves  have  been  obtained  with  the  chest 
unopened  and  also  opened,  and  by  direct  and  indirect  leads.  It  may  be  stated 
that  for  the  purposes  of  this  investigation  the  resul,ts  did  not  differ  with  the 
different methods. 
The  greatest  amount  of  information  was  obtained  when  the  galvanometric 
and  the  suspension  methods  were  combined.  The  diminution  in  the  muscular 
activity of the heart which takes place  during stimulation of the vagus nerves is 
frequently  so  great  that  an  inspection  of  suspension  curves  or  of  curves  of 
muscular  shortening  leads  to  the  belief  that  all  cardiac  activity  has  ceased. 
During  such periods,  however,  it is quite apparent that cardiac activity may,  and 
in  fact  does  often continue and  causes  distinct  and  sometimes  large  oscillations 
of  the  string  of  the  galvanometer.  Without  electrical  tracings  certain  of  the 
experiments  of  this  series  would  not  have  yielded  the  results  which  are  now 
presented, and  some of  the general  rules deduced  could  not  otherwise be stated. 
On account of the relatively slight value,  therefore,  of  suspension curves and on 
account  of  the  complications  due  to  an  extensive  operation  on  the  chest,  the 
results of a  number of  the experiments are based on galvanometric curves  only. Alfred E.  Cohn.  743 
The  experiments  in  which  only  suspension  curves  were  obtained  or  in  which 
the galvanometric curves were unsatisfactory have been discarded. 
The  curves  made by  the  oscillations  of  the galvanometer  string  were  photo- 
graphed  directly  on  bromide  paper.  Above  the  curves  showing  the  movements 
of  the galvanometer string there were photographed  the movements of  the  tam- 
bour  levers  recording  auricular  and  ventricular  contractions,  and  below  it,  first 
a  signal  indicating the  period  of  stimulation  of  the  vagus  nerve,  then the  rapid 
motions  of  a  tuning  fork,  a  double  motion  of  which  equals  0.02  of  a  second, 
and  finally a  curve  the  peaks  of  which  show  the  movements  of  the  lever  of  a 
Jacquet clock 0.2 of  a  second apart.  Whenever possible,  both methods of  mark-. 
ing  time  were  employed  to  facilitate  subsequent  measuring.  The  photographed 
curves then show  from above downward  (I)  the curves of the auricular and  (2) 
of  ventricular  contraction,  (3)"the  curve  of  the  galvanometer  string,  (4)  the 
stimulation signal,  (5)  a  time curve in o.o2 of a  second, and  (6)  a  time curve in 
0.2 of a  second. 
In  every  experiment  both  vagosympathetic  nerves  were  dissected  without 
injury,  as  far  as  this  was  possible,  and  each  was  laid  and  secured  in  a  shield 
electrode.  To  prevent a  spread of the stimulating current the nerves and  shield 
electrodes were surrounded by a  rubber membrane which was kept dry by laying 
it on  a  pad  of  gauze  placed in  the groove  occupied  by  the  carotid  sheath.  The 
muscles  and  skin  were  then  drawn  over  the  nerves.  In  most  instances  spread 
of  the  current  was  satisfactorily  prevented  and  the  nerves  remained  in  func- 
tional activity throughout the period of  the operation. 
Curves  were  always  taken  either  on  the  kymograph  or  photographically 
before opening the chest and also  when the chest was opened and before  section 
of the vagus nerves.  Sometimes  curves were taken before and after the  section 
of  each  vagus  nerve.  A  number  of  curves  were  usually  taken  showing  the 
effects on the heart of faradic stimulation of each vagus nerve.  The curves were 
so  taken  that they  included  the  heart  action  before  stimulation,  as  well  as  that 
during the entire period of  stimulation,  and they were  continued until the  heart 
returned to a  condition approximately the same as  that before  stimulation.  The 
first portion of  each curve serves as a  control. 
The strength of the  stimulating current was usually the same.  One  two volt 
cell fed the primary coil of the inductorium and the secondary coil was  in almost 
all  the  experiments  placed  fifty  millimeters  from  the  primary  coil.  Exceptions 
to  this  rule  are  noted  where  they  occurred.  In  a  given  case  the  conditions  of 
stimulation  throughout  the  experiment  were  kept  constant,  so  that  inequalities 
from  this  source  cannot be  held  responsible  for  the  differences  in  effect  which 
have  been  observed.  It  is  conceivable  that,  were  the  strengths  of  the  current 
used  on  the  two  sides  varied,  identical  results  on  stimulation  might  have  been 
obtained.  It is believed, however,  that enough  evidence is at hand to  show that 
such  would  not be the  case.  A  report  bearing on  this point  will  be made later. 
RESULTS. 
In  the  course  of  this  investigation  fifty-four  experiments  were  performed. 
Differences  in  the  action  of  the  two  nerves  were  found  in  forty-eight  (88  per 
cent.)  of  the  dogs.  Stimulation  of  the  right  vagus  nerve  arrested  all  portions 
of  the  heart  in  fifty-one  experiments.  These  observations  do  not  differ  from 744  Effects of Stimulation  of Two  Vagus Nerves. 
those with which  we  are  familiar.  In  most instances arrest of  the  whole  heart, 
after a  latent period  of  o.4  of  a  second,  was  maintained  throughout  the  period 
of  stimulation,  the  duration  of  which  was  sometimes  ten  seconds,  but  usually 
five to eight seconds.  Occasionally,  however, the auricles and also  the ventricles, 
after  having been arrested,  escaped  from  inhibitory control  (nine  experiments). 
When  the ventricular  complexes  in  the  cycles  which  escaped  were  normal,  that 
is to  say,  when they were  identical with those  recorded  before  the beginning of 
stimulation,  they  were  preceded  by  auricular  contractions,  as  evidenced  by  the 
presence of  P  waves.  In  these cases  the whole  heart or  its  pace-maker  escaped 
inhibition.  But there were other cases  in which,  during stimulation of  the right 
vagus  nerve,  ventricular  complexes  appeared  which  differed  from  those  seen 
before  the  beginning of  stimulation  (experiment  639).  These  differences  were 
not differences of degree, they were differences in kind.  a  When these complexes 
occurred during stimulation of  the right vagus nerve,  waves  representing auricu- 
lar contractions were absent.  At the end of  the period of  stimulation, or  some- 
times  before  the  end,  when  the  pace-maker  resumed  its  function,  the  abnormal 
ventricular complexes  gave way  to  normal  ones;  the usual  As-Vs  sequence was 
restored.  These  abnormal  complexes  have  been  interpreted  by  their  configura- 
tion  as  representing  cardiac  contractions  originating  in  some  infra-auricular 
portion of the heart,  either in the right or  in the left ventricular muscle.  Such 
complexes are  seen in certain  forms of  poisoning when the pace  of  the heart is 
determined by the ventricular contractions.  They are evidence of increased irri- 
tability  of  the  muscle  of  the  ventricles  and  appear  when  idioventricular  con- 
tractions  due  to  the  increased  irritability of  the  muscle  occur  during the  period 
of stimulation.  It is questionable whether the occurrence of abnormal ventricular 
complexes,  representing  a  new  form  of  cardiac  activity,  should  be  considered 
as  evidence that the  ventricular muscle  has  escaped  from  the  inhibitory control 
of  the vagus nerve.  It is,  on the contrary,  doubtful whether  ectopic  ventricular 
contractions,can ever be subject to  inhibitory action,  u  From  these  experiments 
it  may  be  asserted  that  stimulation  of  the  right  vagus  nerve  causes  arrest  or 
rarely only slowing of the whole heart.  In the latter event the whole heart beats 
in  a  normal  (nomotopic)  fashion.  It  is  apparent that if  the  movements  of  the 
auricles  and  the ventricles  had  been registered  by  the  suspension  method  alone, 
the  nature  of  the  idioventricular  contractions  could  not  have  been  determined. 
In  experiments  by  others  in  which  ventricular  contractions  during  right  vagus 
stimulation  have  been  registered  by  the  suspension  method,  these  contractions 
have been  considered  to  indicate a  failure  of  vagus  inhibition of  the  ventricles. 
Possibly they belong to  the group  which has just been  discussed. 
Stimulation of the left vagus nerve in the majority of  cases  did not  stop  the 
heart.  The  heart  continued  to  contract,  but  some  form  of  disorder  in  the 
sequence  of  contraction  took  place.  In  addition  a  diminution in  rate  occurred. 
Both effects were  constant.  The  latter effect may be regarded  as  a  quantitative 
difference in the action of  the left vagus  from that of the  right,  but the  former 
did  not  occur  when  the  right  vagus  was  stimulated  and  indicates  a  qualitative 
difference.  Further  attention  has  not  been  paid  in  this  study  to  the  negative 
It is  not possible  within  the  limits  of  this  paper  to  discuss  purely  electro- 
cardiographic  phenomena.  It  is  believed  that  interpretation  of  the  latter  has 
been sufficiently established to permit conclusions to  be drawn  from them. 
** Experiments  dealing with this phase of  the subject are in progress. Alfred  E.  Cohn.  745 
chronotropic action of the left vagus.  The nature of this action is  still obscure. 
The present study deals mainly with the dromotropic effects of  stimulation. 
The  hearts  of  all  dogs  that were  experimented  upon  were  not  influenced  to 
the same extent by stimulation of the left vagus nerve,  but whenever the normal 
rhythm was  changed,  the change  which  occurred  was  always  of  the  same  char- 
acter  and  varied  in  degree  only.  It  is  useful  to  divide  the  experiments  into 
groups  which  exhibit effects  ranging from the simplest to  the more  complicated. 
In the first group  (table I),  in which are  included  eight experiments,  stimu- 
lation of the left vagus nerve, aside  from  slowing the heart,  caused only a  delay 
in  the  time  of  conduction  from  auricles  to  ventricles.  There  was  no  disturb- 
ance  in  the  auriculo-ventricular  sequence,  there  was  no  change  in  the  form 
of  the ventricular complex.  Changes  in  the  As-Vs  conduction  time  also  some- 
times  occurred  during  stimulation  of  the  right  vagus,  but  they  were  never 
so  marked  or  so  constant  as  those  resulting  from  left  vagus  stimulation  and 
occurred  only  in  isolated  escaped  cycles,  or  for  one  or  two  cycles  after  the 
cessation of  stimulation.  Moreover,  these  slight disturbances in  conduction  fol- 
'  lowing  right  vagus  stimulation  were  associated  with  other  phenomena  charac- 
teristic  of  right vagus  stimulation.  The  first group,  therefore,  comprises  those 
experiments in which  stimulation of  the  right vagus nerve arrested  the  motions 
of  the  heart,  while  stimulation  of  the  left  merely  slowed  them  and  caused  a 
marked  delay in the time of conduction. 
The  second  group  includes  twenty-four  experiments  in  which  on  left  vagus 
stimulation  some  auricular  contractions  failed  to  inaugurate  ventrieular  beats. 
In  most  instances  a  ventricular  contraction  followed  every  second  auricular 
contraction,  but  occasionally  three,  four,  or  more  auricular  beats  occurred 
before ventricular contraction occurred.  Sometimes these  forms were  combined 
and occasionally during a  stretch of  one or another  form a  normal As-Vs cycle 
was  interposed.  Stimulation  of  the  right  vagus  nerve  arrested  the  motions  of 
the heart as  usual. 
In the third group,  in which are  included twenty-four  experiments,  the heart 
behaved in the usual  way  when the right vagus nerve was  stimulated,  but  when 
the left vagus was stimulated, nomotopic ventricular contractions ceased entirely, 
while  auricular  contractions  continued,  though  at  a  slower  rate.  The  mech- 
anism  of  ventricular  asystole  in  these  cases  is  difficult  to  explain  at  present, 
except  on  the  assumption  that  the  ability  of  the  structures  of  the  A-V  system 
to  conduct  impulses  was  enormously  depressed  and  that  the  irritability  of  the 
ventricles was  not sufficient for them to  develop a  rhythm of  their own,  at least 
within  the  time  occupied  by  stimulation.  In  certain  cases  (experiment  639) 
during stimulation of the left vagus,  ectopic  ventricular contractions occurred  in 
complete  dissociation  from  the  slowed  auricular  beats.  It  must  be  assumed 
that  in these  instances  the  irritability of  the  ventricular  muscle  was  sufficiently 
great  to  initiate  an  independent  rhythm  during  the  period  of  stimulation.  In 
some cases only a  few contractions, representing the beginning of an independent 
ventricular  rhythm,  occurred  during stimulation. 
DESCRIPTION  OF  CURVES. 
Stimulation  of  the  right  vagus  nerve  in  the  greater  number  (fifty-one)of 
experiments  arrested  all portions  of  the heart.  Figure  x,  experiment 673,  illus- 746  Effects  of Stimulation  of  Two  Vagus Nerves. 
trates this effect.  The  stimulus lasted  for  6.5  seconds.  The  whole  heart  ceased 
to  beat  during the period of  stimulation and  for  about  1.2  secor/ds  longer.  The 
latent period was  0.4 of a  second, about equal to  the duration  of a  cardiac  cycle. 
The As-Vs  (P-R)  interval before  stimulation equalled 0.09 of  a  second, and  for 
the  first  four  cycles  after  stimulation  lengthened  to o.I,  o.II,  o.I2  and o.II  of  a 
second.  The  P  wave  was  small  at  first,  but  later  became  diphasic.  This  phe- 
nomenon has been described by Einthoven. 
Numerous  differences  in  detail  from  the  curve  (figure  I)  which  has  been 
taken  as  characteristic  of  the  result  of  right  vagus  stimulation  were  noticed. 
Occasionally  the  P-R  interval  remained  unchanged  after  the  cessation  of  the 
stimulus,  while  in  some  experiments  it  lengthened as  much  as  0.05  of  a  second. 
In  other  instances,  an  auricular  cor~traction,  that  is  to  say  a  P  wave,  not 
followed  by  a  ventricular contraction,  occurred  after  the  stimulus  began  to  be 
effectual.  An  instance  of  this  is  shown  in  figure  2,  experiment  666.  In  the 
same  curve  two  complete  cycles  appear  during  stimulation  of  the  right  vagus 
nerve,  and  between  the  two  a  blocked  auricular  contraction,  P',  is  seen.  The 
appearance of a  blocked auricular systole in this situation during stimulation was 
relatively  rare.  The  P-R  intervals lengthened  during  the period of  stimulation 
from  o.I  to  o.I2  and  o.I4,  but  afterward  they  fell  again  to  o.Ii  and  o.I  of  a 
second.  A  blocked  auricular  systole,  P',  is  shown  in  figure  3,  experiment  666, 
but here it occurs after the cessation of  stimulation following the first returning 
cardiac  cycle.  A  blocked  auricular  systole  in  this  situation  was  not  infrequent. 
A  slight  increase  (o.I  to  o.I2)  in  the  P-R  time  occurs  in  this  curve.  After 
stimulation  the  R  waves  increased  in  size. 
It  has been  mentioned that  during  stimulation  of  the  right vagus  nerve,  the 
ventricles  sometimes  continued  to  contract,  although  the  auricles  had  ceased. 
When  this  occurred,  the  origin  of  the  ventricular  contractions  was  ectopic. 
These  escaped  ventricular  contractions  differ,  therefore,  from  the  ventricular 
contraction  seen  in  figure  2.  Sometimes  only  a  few  ventricular  contractions 
appeared,  but  occasionally  a  relatively  rapid'  idioventricular  rhythm  arose.  In 
figure  4,  for  instance,  experiment  659,  only  two  ectopic  ventricular  contractions 
escaped  at  irregular intervals during a  period  of  stimulation  lasting 6.5  seconds. 
The  complexes  correspond  to  contractions  originating  in  the  right  ventricle. 
This curve shows again the occurrence of a  blocked  P' wave after the beginning" 
of  effective  stimulation,  and  also  blocked  P'  waves  after  the  end  of  stimula- 
tion.  The  increase  in  the  P-R  time  in  the  first  returning  cycle  increased  more 
than was usual, o.i  to o.I8 of a  second.  In figure 5, experiment 66I,  ectopic  ven- 
tricular complexes appear, the result in this instance of contractions arising in the 
wall of the  left ventricle.  These  occur  at  fairly regular  intervals and  develop  a 
rapid  rate,  sixty  per  minute.  No  evidence  of  auricular  contraction  can  be 
seen during the period of  stimulation, but at its cessation, three  P  waves  appear 
before  a  nomotopic  ventricular  complex  occurs.  The  P-R  time  is  slightly 
increased, O.li  to o.I 4  of a  second.  The  P  waves have a  tendency to be diphasic. 
It  is  not  quite  clear  why  the  first  returning  P  wave  fails  to  be  followed  by  a 
nomotopic  R  wave.  The  explanation  probably  is  to  be  found  in  the  fact  that 
conductivity was much depressed and the impulse reached the ventricular muscle 
after  the  ectopic  pace-maker  had  discharged  its  stimulus,  and  P'  found  the 
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shown  as  in  figure  5,  the  difference  between the two  consisting in  the  fact  that 
the ventricular complexes  originated  in the  right ventricle and beat  at  a  rate of 
92.4 per minute. 
An effect which resulted from stimulating the right vagus and which was seen 
only  once  in  this  series  of  experiments  (experiment  625)  consisted  in  an  un- 
usual slowing of both auricles and ventricles.  They were slowed not in the usual 
way  in  which  the  sequence  of  contraction  is  maintained,  but  for  three  cycles 
during the period  of  stimulation, the  P  waves  fell between the R  and  T  waves. 
The R-P  interval was too short to permit the interpretation that a  reversal  (Vs- 
As)  of  the normal  rhythm had probably occurred;  the  unusual  sequences prob- 
ably resulted rather from the fact that both auricles and ventricles received their 
impulses  from  the  junctional tissues  lying between  them  and  the  course  of  the 
stimulus  flowed  upward  and  downward  to  each.  Direct  leads  were  used  in  this 
experiment so that deductions are not drawn  from the form of complexes  found, 
although the form of the P  wave was  altered during the period of stimulation. 
The  simplest  effects  on  stimulating the left vagus  nerve are  seen in  figure  7, 
experiment  662.  During  a  period  of  stimulation  lasting  7.8  seconds  there 
occurred,  first, a  reduction in rate  from  I35 to  II4.2  beats per  minute,  and then, 
an  increase in  the  time  of  conduction  from  auricle  to  ventricle  (P-R  interval) 
from  o.I  to  o.24  of  a  second.  The  P-R  time  lengthened  in  general  from  the 
beginning  to  the  end  of  stimulation.  Toward  the  end  of  stimulation,  the 
P  waves  tended  to  become  diphasic,  an  effect  noticed  also  on  stimulating  the 
right  vagus  nerve.  A  small  positive  wave  before  and  immediately  connected 
with the P  wave also appeared during the time of stimulation.  The split P  wave 
has  been  noticed  ~  by  Hering  (IO).  In  view  of  the  general  dissociative  effects 
described  in  this  study  as  resulting  from  stimulation  of  the  left  vagus  nerve, 
some degree  of  contributory evidence is  lent to  Hering's  surmise that this wave 
represents a  succession in the contraction of  the right and left auricles.  It is to 
be noticed  that the  effect of  the  stimulus  lasted  more  than 3.5  seconds  after  its 
cessation. 
A  more complicated  effect which  results  from left vagus  stimulation is  illus- 
trated  in  figure 8,  A  and  B,  experiment 666.  The  rate  of  the  whole  heart  was 
reduced from I73.6 to  II3.2.  The slowing was progressive, as can be demonstrated 
by the increased time between the auricular contractions, the P-P waves.  Before 
the  application  of  the  stimulus,  this  interval  was  o.3,5 of  a  second,  but  it 
gradually  lengthened  to  o.55  of  a  second.  About  two  seconds  after  the  end  of 
stimulation the  P-P  interval was  normal again.  A  further  effect  consists in the 
occurrence  of blocked auricular  contractions  (P')  during the period of  stimula- 
tion.  In figure 8,  A  and B,  six blocked P' waves are  seen.  The  P-R interval in 
this curve,  as  in  digitalis  poisoning,  gradually  increased  until an  auricular  wave 
(P')  failed to be followed  by an  R  wave.  Progressive increase in  P-R  time of 
this nature occurred in the first three groups of  cardiac cycles, but in the fourth 
the progression was not uniform  (o.II, o.I5, o.I4, o.I7,  and o.I4 of a  second).  As 
the length of  the stimulation increased, all the P  waves became diphasic. 
Finally  the  most  marked  effect  that  is  seen  as  the  result  of  stimulating the 
left  vagus  nerve is  illustrated  in  figure  9,  experiment  673.  During  a  period  of 
stimulation  lasting  7.2  seconds,  the  auricular  contractions  continued  uninter- 
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ruptedly,  but  the  rate  was  reduced  from  176.64  to  79.56 per  minute.  The 
ventricular contractions, however, ceased  for nine seconds ;  that is to say, through- 
out the period  of  stimulation  and  for  some  time  after  it.  The  first  ventricular 
contraction  to  return  after  the  end  of  the  stimulus  did  so  two  seconds  after 
stimulation had ended and o.12 of a  second after the preceding P  wave.  The  P" 
which  follows  the  ventricular  beat  was  blocked,  but  the  sequential  contractions 
of  the  heart  were  then  resumed.  The  P-R  interval  became  longer,  o.14  of  a 
second, than it had been before  stimulation, but it gradually  returned  to  normal. 
The  R  waves  increased in  size  from  six  to  eight millimeters  for  six  cycles  and 
then suddenly returned to the original height.  The curve also shows that during 
stimulation  seven  or  possibly  eight  waves  can  be  identified  in  the  suspension 
curve  of  the  right  auricle.  These  become  progressively  smaller  and  finally 
disappear.  The  corresponding  P  waves  in  the  electrocardiogram,  on  the 
contrary,  become a  little larger  near  the  end  of  stimulation  and  can,  in  fact,  be 
identified without difficulty.  It is this gradual disappearance of  the waves of the 
suspension  curve,  while  the  electrical  ones  remain,  which  made  it  necessary  to 
discard  those experiments  in  which  only the  former  were  made. 
Another example of this degree  of effect of  left vagus  stimulation is  seen in 
figure  IO,  A  and  B,  experiment 667.  Except  for  the  preliminary  arrest  of  the 
auricular  (2.3  seconds),  as well as  of the ventricular contractions,  the  results of 
stimulating the left vagus were similar to  those seen in  figure 9.  The  auricular 
rate  was  about 96.  After  the  cessation of  stimulation, its  effect  continued in  a 
form  previously described.  At  first  one  ventricular contraction  took  place  long 
(o.48 of a second) after the auricular beat preceding it.  This ventricular beat was 
probably ectopic,  especially  since  its  size  is greater  than  that of  the  other  com- 
plexes.  A  ventricular  beat  did  not  appear  again  until  five  more  auricular  con- 
tractions had occurred.  A  succession of  sixteen  ventricular contractions followed 
this one,  each preceded by two  auricular beats,  producing incomplete heart-block 
at  a  ratio  of  2:I.  One  sequential  cycle  and  another  ventricular  contraction 
following  two  auricular  systoles  followed,  when the  normal  rhythm  was  finally 
resumed.  The  P-R  interval was o.12 of  a  second before stimulation;  it  reached 
0.2 of a  second during the period of  incomplete block,  and twenty  seconds  after 
stimulation it was still o.16 of a  second.  So great an after effect,  lasting so long 
a  period,  was  observed  only  in this experiment. 
In  the  experiments  just  described,  complete  ventricular  asystole  was  present 
throughout the period of  stimulation.  But in a  number of  experiments, ventric- 
ular  quiescence  did  not  take  place.  Normal  ventricular  complexes  disappeared 
and  one  must  conclude  that  normal  ventricular  contractions had  ceased.  The 
complexes  representing the ventricular beats  which  continued  have  the  form  of 
those arising in the wall of the right or the left ventricles, and are assumed to be 
ectopic  in  origin.  They  were  the  result  of  an  idioventricular  rhythm  arising 
because  impulses  failed  to  reach  the  ventricles  on  account  of  the  depression  in 
conductivity  of  the  auriculoventricular  system  during  stimulation  of  the  left 
vagus  nerve.  In  so  far  as  the  ventricles  under  these  circumstances  did  not 
receive  supraventricular  impulses,  they  are  comparable  to  experiments  on 
auriculoventricular  block.  8e  Figure  ii,  experiment  639,  illustrates  this  reaction 
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to stimulation  of the left vagus nerve.  The stimulus  lasted 6.3  seconds.  During 
this  time the  auricular  beats  continued  at  a  rate  of  about  I27.  The  usual  ven- 
tricular complexes changed to a  new  form, which was  maintained  during  stimu- 
lation  and  for  one  second  afterwards.  One  second  was  about  the  average 
length  of  time  that  the  effect  continued  after  stimulation  had  ceased.  The 
rate  of the ectoplc ventricular beats  was  about  86.  The  curve  shows  that  when 
the ventricular  contractions  were  ectopic, they  occurred  in complete  dissociation 
from those  of the auricles.  Suspension  curves  alone would  only have  disclosed 
the  fact  that  dissociation  between  auricular  and  ventricular  contractions  had 
taken place.  But the electrical curves make it clear that  dissociation in the usual 
sense  did  not  occur,  for  in  that  event  the  form  of  the  ventricular  complexes 
would not have been altered.  An explanation of why they are changed is difficult 
and  the  hypothesis  which  follows  is  offered  tentatively.  In  cases  of  clinical 
heart-block the anatomical lesion, which is the cause of the block, usually involves 
only a  short  portion  of the  main  stem  of  the  conduction  bundle;  the  right  and 
left branches  are normal,  and  are left in continuity with the ventricular  muscle. 
The  ventricular  muscle  continues  to  receive impulses  to  contraction  propagated 
to it apparently  over the usual  course  provided by the two branches.  But  there 
are cases, both  clinical and  experimental, published  by  Eppinger  and  Rothberger 
(44),  tgppinger  and  Stoerck  (45),  and  by  Cohn  and Lewis,  ~  in  which  lesions  of 
the branches  of the bundle rather  than in the main stem have been demonstrated. 
In such  cases, propagation  of  the  impulse  over the normal pathway  is  obviously 
impossible  and  some abnormality  in  stimulus  production  and  stimulus  distribu- 
tion  must  occur.  Electrocardiograms  taken  from  these  cases  have  shown  the 
ventricular  compIexes to  be characteristic  of contractions  arising  in the  right  or 
left  ventricle.  It  is  with  these  clinical  cases  that  experiments  like  those  illus- 
trated  in  figure  II  must  be  compared.  If  it  is  assumed  that  inhibitory  fibers, 
derived from the vagus nerves, are distributed  to the auriculoventrlcular bundle, 
they are probably distributed  to its branches.  The work  of  Engel  (46),  follow- 
ing that  of  Wilson  (47),  showing  that  nerve fibers  are present  in  the branches 
makes  this  assumption  more  probable.  Then  if  stimulation  of  the  left  vagus 
nerve  produces  an  effect  on  the  main  stem  of  the  bundle,  it  follows  that  the 
effect is  probably  continued  downward  along  its  branches.  If  this  view  of  the 
distribution  and  function  of  the vagus  nerves  is  correct,  stimulation  of  the  left 
nerve may depress the conductivity of the muscle of the main  stem and branches 
of  the A-V system to  a  degree so great that  the ventricular  muscle  will receive 
no  impulses  conveyed  by  them.  The  ventricular  muscle  is  then  reduced  to  a 
condition directly comparable with that in those cases in which structural  lesions 
in  the  branches  of  the  A-V  system  have  been  demonstrated  and  in  which  the 
ventricular  muscle  was  obliged to  originate  stimuli,  if  it  originate  them  at  all, 
in  an  atypical  fashion  and  to  distribute  the  stimuli  over unusual  paths  yielding 
electrical curves  of  atypical  form.  It is probable  that  the mechanism suggested 
explains  the  occurrence  of  the  atypical  form  of  the  curves  in  this  group  of 
experiments. 
Kahn  (48)  had previously demonstrated  the fact  ~  "that automatic ventrieular 
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contractions which  develop  during artificial stimulation of  the vagus  are  accom- 
panied by atypical  electrical curves."  He  states  that  " auriculoventricular  disso- 
ciation  in  man,  or  section  of  the  A-V  bundle  or  its  branches  in  the  dog  have 
shown  in  the  investigations  which  have been made  up  to  the  present  time  that 
automatic  ventricular contractions  are  expressed  in  the  form  of  typical  electro- 
cardiograms.  In dogs,  on the contrary,  dissociation caused by stimulation of  the 
vagus  nerve  is  accompanied  by  atypical  electrocardiograms,  while  in  cases  of 
poisoning, both atypical and typical  forms are  found."  He  did not realize,  how- 
ever,  that the phenomenon  he  was  describing  occurred  only  with  stimulation  of 
the  left  vagus.  Kraus  and  Nicolai  (49)  and  also  Rothberger  and  Winterberg 
(II)  have reported  observations like those of  Kahn.  The  latter  have explained 
the ectopic ventricular contractions during vagus stimulation as due to  a  mechan- 
ical cause,  such as the filling of the ventricular cavities. 
It  has been stated  that when stimulation of  the  left vagus  nerve causes  ven- 
tricular  asystole,  presumably  by  depressing  the  power  of  the  A-V  system  to 
conduct  impulses,  an  independent  rhythm  will  be  initiated,  depending  upon  the 
degree  of  irritability of  some portion  of  the ventricular muscle.  The  degree  of 
irritability may  be  so  great  that  a  ventricular  rhythm  is  established  practically 
immediately or within a  very short time.  On  the other hand,  the degree  of  irri- 
tability may be so low that the development of an idioventricular rhythm may be 
delayed  until  the  stoppage  has  continued  for  some  time.  The  occurrence  of 
stoppage  with  the  gradual  development  of  an  idioventricular  rhythm  has  been 
studied  in connection with  the  subject of  experimental heart-block.  Figures  IO, 
A  and B,,  Ii,  and  12 show degrees  of  irritability of  the ventricular muscle meas- 
ured  by  the  length  of  time  required  to  establish  an  independent  ventricular 
rhythm.  In  figure  IO,  A  and  B,  an  independent ventricular  contraction  did  not 
occur  until 8.3  seconds  after the beginning; that is  to  say,  o.6  of  a  second  after 
the  cessation  of  stimulation.  None  followed  after  that  for  about  2.3  seconds, 
the  second  one  being in  response  to  an  auricular  contraction,  the  depression  of 
conductivity in the meanwhile having been relieved.  In figure  I I  there was prac- 
tically  no  stoppage.  In  figure  12,  experiment  644,  an  intermediate  condition  is 
seen.  Stoppage  of  ventricular  contractions  lasted  2.4  seconds  and  the  second 
beat  followed  the  first  after  an  interval  of  three  seconds.  These  were  both 
ectopic  beats  and  they  arose  in  the  wall  of  the  right  ventricle.  Eetopic  beats 
may also arise in the left as well as in the right ventricle; in another curve taken 
during  this  experiment  there  were,  in  fact,  three  idioventricular  contractions 
which arose in the left ventricle. 
A  combination of  the  effects described  was  sometimes  seen,  as  in  experiment 
661  (figure 13, A and 13).  Stimulation of the left vagus arrested  the contractions 
of  both  auricles  and  ventricles.  Independent ventricular contractions were estab- 
lished before the auricular muscle escaped from the first effects of stimulation.  The 
efficiency of  the stimulus  rapidly decreased  and  sequential contractions occurred, 
at  a  reduced  rate but with  a  prolonged  P-R  (o.i  to  o.14--o.17)  interval.  In  this 
dog, two varieties of effect due to stimulating the left vagus nerve were obtained. 
In  other  dogs,  successive  stimulations  of  this  nerve  resulted  in  effects  first  of 
one  kind  and  later  of  another.  In  experiment  666,  the  first  stimulation  of  the 
left  vagus  produced  merely  an  increase  in  the  length  of  the  P-R  interval.  A 
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stimulation produced  quiescence of  the  ventricular contractions,  during which 
the auricular muscle continued to contract.  Between the first and second stimu- 
lations nine  seconds  elapsed  and  between  the  second  and  third,  six  seconds. 
Seven other  experiments  (table I)  occurred  in this  series  in which  more than 
one  of  the  varieties  of  effects  resulting  from  left  vagus  stimulation  were 
obtained.  In these cases  the maximum effect  was  not always obtained the first 
time the nerve was  stimulated, 
In  two  experiments  (Nos.  633  and  649)  the  reverse  of  the  effects  usually 
obtained were seen.  In experiment 633, right vagus stimulation caused nomotopic 
ventricular contractions to  cease,  while  the  auricles  continued to  beat;  a  few 
ectopic  ventricular contractions occurred.  The  left vagus  in this  ease  stopped 
the whole heart.  In experiment 649, stimulation of  the  right vagus nerve pro- 
duced a two to one block, while left vagus stimulat.ion  produced the effect usually 
brought about by stimulating the right nerve. 
A  single  instance, experiment 662, was  found  in which  stimulation of  the 
left vagus nerve produced long periods of rest between groups of cardiac cycles, 
between successive  single cycles, and between a single cycle and a group of cycles 
(figure 14,  A  and B).  Each period of  rest occupied a  length of  time that was 
approximately a  multiple of  the  time occupied  by a  single cycle.  The average 
duration of the single cycles during stimulation was o.5 to o.54 of a  second; the 
periods of rest occupied  1.96, 1.6, I.O5, 1.6, and 1.57 seconds,  each approximately 
four, three, or two times as long as the duration of the single cycles.  Later in the 
curve the single cycles occupied  o.57 to o.68 of a second,  and the periods of rest, 
0.99 to  1.67; these were again approximately multiples of the  former.  The fact 
that the periods of rest appear as multiples of the single cycles renders the inter- 
pretation probable that an incomplete block took  place  between the pace-maker 
and the rest of the heart.  This experiment affords an example of sino-auricular 
block in the dog's heart.  There was also lengthening of the P-R interval (o.I to 
o.17)  during stimulation, the longest interval occurring in the first cycles of each 
group.  The  single cycles  and the  first cycles  in each  group are  represented by 
complexes  altered  not only in size  but in a  minor degree  also  in form.  Sino- 
auricular block has been obtained by Garrey (2) ~9 by stimulating  the vagus nerve in 
the turtle's heart, but in his case the phenomenon is described as resulting from 
the stimulation of the  right vagus nerve by weak currents.  He  considered the 
block as a  chronotropic effect,  although he says  inotropic and other effects  were 
also present.  In the present  experiment the  effect  was  obtained with  the  left 
vagus nerve, although  four seconds  after  cessation of  stimulation of  the  right 
vagus, a  single cycle dropped out, and a  quiescence equal to about the length of 
two  took  its  place.  There  was  no  lengthening of  the  conduction time  in  the 
cycle after the pause. 
DISCUSSIO  N. 
The  description  of  the  curves  leads  naturally to  the  conclusion 
that  in  dogs  an  essential  difference  exists  between  the  right  and 
left  vagus  nerves  in  their  action  on  the  heart.  The  difference  is 
not merely a  difference in degree,  it  is  a  more  fundamental differ- 
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ence.  Except  in  the  two  cases  in  which  inversion  of  the  usual 
result  was  obtained,  auricular  contractions  were  always  arrested 
by  successful  stimulation  of  the  right  nerve  while  stimulation  of 
the left nerve did not stop them.  Nor did it ever happen on stim- 
ulating  the  right  nerve,  even when  the  rate  was  only  slowed,  that 
the depression of conduction from auricles was so great as to result 
in the incomplete or con~plete block of impulses derived  from auric- 
ular  comractions.  On the  other hand,  such  phenomena  invariably 
resulted  from  left  vagus  stimulation.  Other  experimenters,  al- 
ready mentioned,  have described auricular  slowing with ventricular 
quiescence  during  vagus  stimulation.  But  as  far  as  the  writer 
is  aware  it  has  not been  recognized  that  this  combination  of  phe- 
nomena  is  usually  produced  by stimulation  of  the  left  vagus  and 
not by stimulation  of the  right.  As recently as  191I,  Dogiel  (36) 
stated 44 that  "many  physiologists  have  called  attention  to  the  fact 
that  stimulation  of the  right  vagus  has  not the  same  effect on  the 
heart action as the left, a result due in part to the strength and dura- 
tion of the stimulus";  and  yon Tabora  (5o),  working in  Hering's 
laboratory on dogs,  said that  "vagus  action alone may possibly on 
occasions  produce  ventricular  silences,  but  cannot  bring  about  dis- 
sociation." 
It  is  probable  that  the  difference  in  function  between  the  two 
vagi  is  dependent  upon the  development  of  the  heart  and  its  con- 
ducting  mechanism,  and  of  the  nerves  in  relation  to  the  muscular 
structures.  An explanation of the differences must therefore await 
a  further  development of knowledge regarding  these embryological 
points.  The  existence  of  a  homolateral  distribution  of  the  two 
vagus  nerves  in  the  hearts  of  turtles  has  been  indicated  by  Mills 
(21)  and  has  been  proved  by  Garrey  (2).  A  similar  roughly 
homolateral  distribution of the vagi in dogs has also been described 
by  Lim  Boon  Keng  (5I),  and  of  the  accelerator  nerves  by  von 
Schumacher  (52),  but  it  is  doubtful  whether  the  distribution  that 
has been described is as refined as is necessary to explain the results 
obtained  in  the  experiments  described  in  this  paper. 
In text-figure  2  an  attempt  has been made  to  indicate  a  possible 
distribution  of the two nerves which might  explain their  differences 
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in  function.  Such  a  distribution,  of course,  is  purely hypothetical 
and the diagram is offered simply for the purpose of rendering  the 
experimental  findings  more  comprehensible. 
R.VAGU5  LVAGU5 
TEXT-FIG.  2.  The  superior  vena  cava  (S.V.C.),  the  sino-auricular  node,  the 
mass  of  both auricles, the auriculoventricular node and bundle, and  the  mass  of 
both ventricles are  shown diagrammatically.  The  right vagus nerve is  shown to 
send  a  preponderating number  of  fibers to  the  S.A.  node,  a  smaller  number  to 
the auricles  and to  the A-V system and the ventricles.  The  distribution on  the 
left  side  is  reversed;  none are  sent  to  the  S.A.  node,  and  a  larger  number  to 
the  A-V node and A-V bundle and the ventricles. 
To  each  vagus  nerve  are  accredited  an  equal  number  of  fibers. 
The  greater  number  of those of the  right  nerve are  represented  as 
entering  the  sino-auricular  node;  they  exercise,  therefore,  a  pre- 
ponderating  chronotropic  effect  on  the  whole  heart.  A  smaller 
number  are  distributed  to the  auricles  and  to  the ventricles,  where 
they  exercise  inotropic  effects  far  greater  on  the  auricle  than  on 
the  ventricle.  Of the fibers assigned  to the left vagus nerve,  none 
enter  the  sino-auricular  node.  It  might  have  been  more  in  con- 
sonance  with  the  findings  in  these  exper.iments,  however,  to  have 
shown a  fiber entering  the  sinus  node.  Fibers  are  shown to  enter Alfred  E.  Cohn.  755 
the auricles  where they have an inotropic effect, while others  enter 
the ventricles where they have an inotropic and possibly a  bathmo- 
tropic action.  Most of the fibers are  shown to enter the auriculo- 
ventricular  system,  for  the  production  of  a  dromotropic  effect  is 
the  most  conspicuous  function  of  this  nerve.  It  must  be  added 
that  the  diagram,  as  an  explanation  even  of  this  paper,  does  not 
elucidate all  the  phenomena  found,  and  is  included  with  hesitancy, 
lest  it  be  supposed  to  contain  a  definitive  opinion. 
CONCLUSIONS. 
It  may  be concluded  from  the  results  obtained  in  these  experi- 
ments : 
I.  That  stimulation  of the  right  vagus  nerve  in  tile  dog usually 
causes arrest  of all  the  chambers  of the  heart. 
2.  That  stimulation  of  the  left  vagus  nerve  exerts  a  moderate 
negative  chronotropic  effect on the  auricles. 
3-  That  stimulation  of  the  left  vagus  nerve  has  a  profound 
effect  on  the  conduction  of  impulses  over  the  auriculoventricular 
system. 
4.  That  the  degree of effect exercised on the auriculoventricular 
system by stimulation of the left vagus nerve varies.  In some dogs 
conduction  is  depressed  to  an  extent  which  causes only a  delay  in 
the conduction of impulses  from auricles  to ventricles  (P-R time) ; 
in other dogs the  conduction is depressed to a  degree which results 
in incomplete heart-block;  while in still other dogs conduction is so 
depressed  that  although  the  auricles  continue  to  contract,  no  im- 
pulses pass from them to the ventricles. 
5-  That  when stimulation  of either the  right  or left vagus nerve 
causes asystole of nomotopic  ventricular  contractions,  ectopic ven- 
tricular  contractions  may occur. 
6.  That  the  time  which  elapses  before  eetopic  ventricular  con- 
tractions  occur  depends  upon  the  irritability  of  the  ventricular 
muscle,  and  this  may vary in  different  dogs. 
7.  That  stimulation  of  the  left  vagus  nerve  may  rarely  cause 
sino-auricular  block.  Possibly stimulation  of the  right  nerve  may 
also produce this  effect. 
8.  That  there  is  consequently  usually  a  great  qualitative  differ- 
ence in the action of the two vagus nerves on the heart of the dog. 756  Effects  of  Stimulation  of  Two  Vagus  Nerves. 
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EXPLANATION  OF  PLATES. 
PLATE 69. 
FIG.  I.  (Experiment 673.)  Stimulation of the right vagus nerve.  The curves 
from above downward are:  (I)  suspension curve of right auricle,  (2)  suspension 
curve  of  right ventricle,  (3)  electrocardiogram,  (4)  signal  showing the  length 
of stimulation,  (5)  time in 0.o2  of  a  second,  (6)  time  in  o.2  of  a  second.  The 
stimulus applied stopped the whole heart.  The P-R time was lengthened slightly, 
o.o9 to o.i2 of a  second. 
Fic.  2.  (Experiment 666.)  Stimulation  of  the  right vagus  nerve.  No  sus- 
pension curves are shown here or in the following curves.  An auricular contrac- 
tion  (P')  occurs  shortly  after  the  beginning  of  stimulation.  Three  seconds 
later  a  complete  cycle,  and  2.8  seconds  later  a  second  cycle  escapes;  between 
them  occurs  one  blocked  auricular  (P')  wave.  The  P-R  time  in  the  escaped 
cycles was lengthened o.I to o.I2 and o.I  4 of a  second. Alfred  E.  Coh~l. 
PLATE 7o. 
FIG.  3.  (Experiment 666.)  Stimulation of  the right vagus  nerve.  After the 
cessation  of  stimulation  the  first  cycle  shows  a  lengthened  P-R  interval  (o.I  to 
o.12  of  a  second),  after  which  a  blocked auricular  contraction  occurs. 
FIG.  4-  (Experiment  659).  Stimulation  of  the  right  vagus  nerve.  Shortly 
after the beginning of stimulation, one blocked auricular  (P')  contraction occurs. 
During the period of stimulation two  ectopic  (right ventricular)  contractions are 
seen.  A~ter stimulation the P-R  interval  is lengthened, o.II  to o.18 of  a  second, 
and  two  blocked  auricular  (P')  waves  occur. 
FI~.  5.  (Experiment  661.)  Stimulation  of  the  right  vagus  nerve.  The 
auricles  cease  contracting  entirely.  The  complexes  representing  ventricular 
contractions  are  derived  from  stimuli  arising  in  the  wall  of  the  left  ventricle. 
The  first  two  auricular  contractions  after  the  cessation  of  stimulation  are 
blocked.  The  P-R  time is lengthened from o.II  to o.I4 of a  second.  It  returned 
to normal  in the third cycle  after the last one  reproduced. Alfred E.  Cohn. 
PLATE 7I. 
FIG.  6.  4~  (~Experiment 639.)  Stimulation  of  the  right vagus  nerve.  Similar 
to the effect shown in figure 5, except that the ventricular complexes in this curve 
originate  in  the  right  ventricle.  The  first  three  auricular  (P)  waves  after  the 
end  of  stimulation  are  dissociated  from  the  ventricular  complexes. 
FIG.  7.  (Experiment  662.)  Stimulation  of  the  left  vagus  nerve.  Gradual 
increase  in the  length  of  the  P-R  time,  o.I  to  0.24  of  a  second,  is  shown.  The 
fifth cycle after the last one reproduced has a  P-R interval of o.i2  of a  second. 
In figure 6, on account of the faintness of the original tracings,  the R  waves 
of  the  ventricular complexes  have been  redrawn  in the reproduction. Alfred  E.  Cohn. 
PLA'r~  72. 
Fro. 8.  A  and  B.  (Experiment  666.)  The  second  part,  B,  of  this  figure  is 
directly  continuous  with  the  first  portion.  The  decimals  above  the  electro- 
cardiogram  represent  the  intervals  (P-P)  between  succeeding  auricular  con- 
tractions;  the  decimals  underneath,  the  P-R  interval.  The  P-R  interval  in  the 
groups  of  cycles  in  figure  8,  A,  gradually  increases  until  an  auricular  wave is 
blocked  (P').  In  figure  8,  B,  the  last  cycle  in  the  group  shown  has  a  P-R 
interval  slightly  shorter  than  the  cycle immediately preceding. 
FIG.  9.  (Experiment  673.)  Stimulation  of  the  left  vagus  nerve.  Suspen- 
sion  curves  as  in  figure  I.  The  auricular  contractions  in  the  suspension  curve 
gradually  become  smaller  during  the  eight  numbered  beats  until  no  elevations 
are  seen  on  the  curve.  Ventricular  contractions  have  ceased.  The  electrical 
curve  shows  the  P  waves, the  re0resentatives  of  auricular  contractions,  present. 
After  stimulation,  the  P-R  interval is  lengthened  from  0.o9  to  o.I2  of  a  second. 
An auricular  contraction,  P', is then  blocked and  the  P-R time lengthens  to o.I4 
of a  second.  The fourth cycle after the last one reproduced shows a  P-R time of 
o.II  of  a  second. Alfred  E.  Cohn. 
PLATE 73. 
FIG.  IO.  A  and  B.  (Experiment 667.)  Stimulation of the left vagus  nerve. 
The  two  curves  are  directly  continuous.  Figure  io,  A,  shows  events  like  those 
of  figure 9.  It  differs  in that a  pause of  2.3  seconds  occurs  after  the beginning 
of  stimulation  and  until  the  auricular  contractions  begin.  Figure  IO,  B,  shows 
an  escaped  ectopic  (right  ventricular)  complex.  The  remainder  of  the  curve 
shows a  2: I  rhythm.  The rest of this curve, which is not reproduced,  shows ten 
additional  cycles  of  a  2: I  rhythm,  a  sequential  cycle,  another  2:1  cycle,  and 
finally a  sequential rhythm. Alfred  E.  Cohn. 
PLATE 74- 
FIG.  II.  ~  (Experiment  639.)  Stimulation  of  the  left  vagus  nerve.  The 
auricular  contractions  continue.  Nomotopic ventricular contractions  have ceased. 
Their  place  is  taken  by  ectopic  ventricular  contractions  arising  in  the  right 
ventricle.  Auricular  and  ventricular  contractions  occur  in  complete dissociation. 
FIG.  I2.  (Experiment 644.)  Stimulation of the  left vagus  nerve.  Auricular 
contractions  continue  throughout  the  period  of  stimulation.  Two  ventrlcular 
contractions  originating in the wall of the  right ventricle appear.  The  P-R time 
after  stimulation  is  o.18  of  a  second.  One  auricular  contraction  (P)  is  then 
blocked,  after  which  the  normal  sequence  is  restored. 
"°In  figure  II,  on  account  of  the  faintness  of  the  original  tracings,  the  R 
waves of the  ventricular  complexes  have  been  redrawn  in  the  reproduction. Al[red E.  ~ohn. 
PLXT~- 75. 
FIO.  13.  A  and  B.  (Experiment 661.)  Stimulation of  the left vagus  nerve. 
B  is  directly continuous with A.  In A  auricular contractions first ceased.  Four 
are seen toward the end of the curve.  Four ventricular contractions are present. 
These  are  ectopic  (left  ventricular)  systoles.  The  last  cycle  in  A  and  all  the 
cycles  in  B  are  sequential and nomotopic,  but  are  slowed  and  sh,_,w  a  prolonged 
P-R intcrval  (o.I  to o, I7 of a  second). ,.--.  2: Alfred E.  Cobol. 
PLATE 76. 
FIG.  14.  A  and  B.  (Experiment 662.)  Stimulation of  the left vagus nerve. 
The  two  portions  of  the  curve  are  not  directly  continuous.  Nine  cycles  are 
omitted.  The  decimals  above the  electrocard'iogram represent the  interauricular 
time;  those  below,  the  P-R  time.  The  curve  represents  an  instance  of  sino- 
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